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物，通过 RACE 的方法得到该基因全长 cDNA 序列，将其命名为 EALec1。其中
cDNA 序列全长为 827bp，5-UTR 为 28bp，3-UTR 为 151bp，具有明显的加尾信
号 AATAAA。开放阅读框 648bp，编码 215 个氨基酸，其中信号肽长度为 31 个
氨基酸。氨基酸分析表明，该序列在 N 端有丰富的半胱氨酸残基、胶原区特点
的 G-X-Y 重复序列、颈区及 C-末端具有糖识别位点，属于 C 型胶原凝集素；
其 CRD 区域的糖识别关键氨基酸为 EPD，可能是甘露糖型凝集素向半乳糖型凝
集素分化的一个过度类型。 
2. RT-PCR 以及 real-time PCR 检测结果表明在赤点石斑鱼的 12 个不同组织
中均有不同程度的表达。RT-PCR SSCP 结果表明在赤点石斑鱼的 12 个组织中，
获得 4 种表达类型的 Lectin，利用 PCR 获得了 lectin DNA 序列，与 cDNA 相
比较，EALec 具有 4 个内含子，5 个外显子。将 EALec-1 克隆到 pET28(A)转化
BL21 表达菌中，获得 26Kd 大小的蛋白表达片段，体外试验表明，该蛋白对革
兰氏阳性菌与革兰氏阴性菌均具有凝集作用，糖特异性结合试验表明，该蛋白
为甘露糖型凝集素。 
3.本研究克隆获得赤点石斑鱼非特异性免疫因子 MHC IIB 基因的 4 个 cDNA 全
序列，序列全长为 1195-1355bp，含有 3’UTR、启动子、多肽结合区（β1）、
IGC 区（β2）、跨膜区、胞质区和 5‘UTR 区，编码区大小为 750bp。RT-PCR















肝等 12 个组织器官中均能有效表达，表达多态性也异常丰富。 
4. MHC class II 恒定链（invariant chain-like proteins ICLP)与免疫反
应密切相关，其参与对抗原的处理,保证多肽不被进一步降解为氨基酸。通过
RACE 反应获得赤点石斑鱼 ICLP2 cDNA 全序列，全长 1837 bp,包括 44bp 的
5’UTR 区, 861 bp 的开放阅读框以及 932 bp 的 3’UTR 区，编码 286 个氨基
酸。对赤点石斑鱼 10 个组织的 ICLP2 基因进行 PCR 扩增和测序，结果表明赤
点石斑鱼 ICLP2 基因的表达不存在组织特异性。此外，氨基酸序列同源比对的
结果表明，赤点石斑鱼与其它 16 种脊椎动物 ICLP2 的相似度在 25～78%之间，
与狼鲈和鳜鱼 ICLP2 因子的同源程度 高，分别为 78%和 74%。 
5．肽聚糖识别蛋白 II（pglyrp2）是一类具酰胺酶的模式识别受体，通过 RACE
技术克隆了大黄鱼的 pglyrp2 基因，cDNA 全长 1831bp,带有一个 1449bp 的开
放阅读框，编码带有一个 21 个氨基酸信号肽的 482 个氨基酸的 pglyrp2 蛋白。




御反应的激活。通过原核表达载体 PET28a 表达并纯化了大黄鱼 pglyrp2 的重
组蛋白。 
6.本文采用同源克隆的方法从大黄鱼肝脏中克隆了大黄鱼 MIF 的同源基因。大
黄鱼 MIF 的 cDNA 全长 634bp,编码一个长 115aa 的蛋白质，其基因结构非常保
守,具有 3 个外显子和 2 个内含子。RT-PCR 与荧光定量 PCR 研究表明：大黄鱼
MIF 基因在所选的 11 个组织中都有表达，其中在脑和肝中表达量较高。将哈
维氏弧菌（Vibro harveyi）人工攻毒后的大黄鱼作为研究炎症反应的材料，
























The immunology system of vertebrate is comprised of innate and adaptive defense mechanisms. 
As a kind of primitive vertebrates, fish obtained the adaptive immunity in ancient evolutionary 
history Meanwhile, this specific immune defense in fish has more constraints than endothermic 
vertebrates when focus on their temperature-dependent, limited antibody repertories, affinity 
maturation and relatively slow response. Thus, innate immunity is considered so far to be a more 
essential defense system against infection in fish So the report based on the factors about innate 
immune system, and the contents were as follows:MHCIIB and MHCII Invariant chain-like 
proteins(ICLP) of Epinephelus akaara ; Peptidoglycan recognition protein II (pglyrp2), and 
Macrophage migration inhibitory factor (MIF) from the large yellow croaker.  
1. Based on the sequence of EST library, the complete cDNA of a C-type lectin was obtained 
from Epinephelus akaara with RACE techniques and was named as EALec1. The complete cDNA 
sequence of EALec1 is 827bp, of which 5-UTR is 28bp, and 3-UTR is 151bp. It also possesses a 
polyadenylation signal AATAAA and a poly(A) tail. The EALec1 cDNA encodes a polypeptides 
with 215 amino acids, which includes a signal peptide of 31 amino acids. The protein has a 
cysteine-rich region in N terminal, a collagenous region characterized by G-X-Y repeats, a neck 
region and a typical carbohydrate-recognition domain (CRD), indicating that EALec1 is a collectin. 
The key recognition positions of this CRD are EPD, which is for the first time isolated from the 
fish, and may likely be the interim type between mannan-binding lectin and galatose-binding lectin. 
The expression pattern of EALec1 was studied in 12 different tissues using RT-PCR. The results 
indicate that EALec1 expresses in all these tissues with different level.  
2. In this study, the genomic gene of a novel collectin (Designed EALec1) from red-spotted 
grouper Epinephelus akaara had been sequenced, the genomic structure of EALec1 and alignment 
of Carbohydrate recognition domain(CRD) sequence among three collectins implied that like 
GalBL, is a new type collectin derived from MBL in certain stage. The expression pattern of 
EALec1 transcripts in twelve tissues of red-spotted grouper was studied by quantitative RT-PCR 
and single strand conformation polymorphism (SSCP) analysis. The result not only shows that 
EALec1 transcripts could be detected in all twelve tissues, In order to investigate its immune 
functions and carbohydrate binding characterization, EALec1 was recombined with pET28(A) and 
expressed in E. coli BL21(DE3)-pLysS. The recombinant EALec1 can agglutinated both 
Gram-negative pathogenic V. harveyi and Gram-positive non-pathogenic S. aureus and B. subtilis 
in vitro and the agglutinated activity was evidently Ca2+ dependent. Meanwhile, its bacteria 
agglutination activity can be inhibited by mannan. These result indicated that EALec1 was belong 
to mannan-binding lectin despite of its different Ca2+-dependent sites in CRD and was involved in 
the recognize and clearance of invaders in red-spotted grouper. 
3.Four complete cDNA sequences of MHC class IIβ chain, the important non-specific immune 















a 3’UTR, promoters, a peptide-binding region(β1), an immunoglobulin-like region(β2), a 
transmembrane region, a cytoplasmic region and 5’UTR, and the size of its coding region is 750 
bp. The tested gene has classic MHC 3D molecular structure, and exhibit abundant polymorphisms 
in the peptide-binding region. Using RT-PCR and SSCP technique, high levels of expression and 
polymorphism were observed in all the 12 tissue studied such as head-kidney, heart and liver. 
4. Using RACE methods, the full-length cDNA of ICLP2 gene from E. akaara was obtained. 
The full-length cDNA is 1837bp which consists of 44 bp 5′UTR, 932 bp 3′UTR (including 
poly(A) ) and 861 bp open reading frame, and the predicted protain has 286 amino acids with a 
molecular weight of 31878Da. The result also shows that there is no tissue-specific transcript 
expression of ICLP2 gene in E. akaara. Moreover, the similarity of the ICLP2 sequence is ranged 
from 25% to 78% when compared E. akaara with that of other 16 vertibrate animals, and the result 
shows that E. akaara has the closest relationship with Dicentrarchus labrax and Siniperca chuatsi.  
5. The gene encoding pglyr2 of the large yellow croaker (Pseudosciaena crocea) was cloned by 
RACE approach; the full-length cDNA (1831bp) of pglyrp2 of P. crocea contains a 1446bp open 
reading frame that encodes a putative protein of 482 amino acids with one 21-residue signal 
peptide. In addition, tissue distribution analysis via RT-PCR and Real-Time quantitative PCR 
(qRT-PCR) assays indicated that pglyrp2 could be strongly expressed in liver and weakly in gonad, 
intestine and stomach. Also, maternally derived pglyrp2 displayed a high mRNA level in 
unfertilized eggs, following low expression throughout embryogenesis and yolk-sac larvaes. 
Moreover, the pglyrp2 of P. crocea was confirmed to be both constitutive and inducible in liver 
through an artificial infection model. Therefore, pglyrp2 of P. crocea was believed to play 
important role in defending against invading bacteria possibly through bacteria recognition and 
initiating activation of host immune defense. A synthetic form of pglyrp2 of P.crocea obtained in 
this paper by recombinant expression of pglyrp2 in Escherchia coli is helpful for further 
physiological and functional research of such a new class of fish antibacterial protein in future. 
6. The full-length cDNA of Macrophage migration inhibitory factor (MIF) was isolated from P. 
crocea using RACE. It was 634 bases long and contained an ORF of 348 bases encoding a protein 
of 115 amino acid residues. The coding region of genomic DNA of PcMIF was organized into 3 
exons and 2 intervening introns, which is conserved through evolution. As revealed through 
RT-PCR and real-time PCR analyses, MIF mRNA was constitutively expressed in 11 selected 
tissues and relatively abundant in brain and liver; In addition, up-inducible MIF mRNA levels 
detected in liver, gonad and head kidney were coupled with inflammatory caused by artificial 
infection by V.harveyi, the present study represents the first investigation of fish MIF in 
pathogenesis of fish inflammatory disease. Moreover, PcMIF fusion protein was in-vitro expressed 
and purified using prokaryotic expression vector pET28a. Bioactivity assay demonstrated that 
recombinant PcMIF had TPOR activity and macrophage-activating property by increasing NO 
production. 
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范围迅速扩大，仅福建省年育苗量即可达到 12 亿尾，直接产值超过 20 亿元。














































1.1 干扰素与 Mx 蛋白 
在脊椎动物中 I 型的干扰素是快速强有力的抗病毒的系统，干扰素
（Interferons IFNs）是一种具有 pH 抗性的细胞因子，在受到病毒的感染时，
许多种类的细胞都可以产生[12]。双链的 RNA（dsRNA）病毒能够诱导 IFN 的
产生，多聚肌酐酸（poly I:C）是一种诱导 IFN 产生的重要化合物[13]。许多种
类的病毒在复制的过程中产生 dsRNA，借助于 IFN 动物机体识别这些 dsRNA，
在哺乳动物中，IFN 刺激机体表达一系列的蛋白如 2，’5’寡腺苷酸合成酶，
蛋白激酶 P1 及 Mx 蛋白，这些蛋白能够抑制病毒 mRNA 的翻译。自 1965 年
首次发现鱼类干扰素活性物质以来，陆续在鲦鱼（Pimephales promelas）、虹
鳟（ Salmo gairdneri）、牙鲆（ Paralichthys olivaceus）、欧洲狼鲈
（ Dicentrarchus labrax）、草鱼（ Ctenopharyngodon idellus）、鲫鱼
（Carassius auratus）、斑点叉尾鮰（Ictalurus punctatus）、鳜鱼(Siniperca 
chuatsi)等鱼体和培养细胞系检测到干扰素和由干扰素诱导的 Mx 蛋白。证实
病毒感染之后，这些基因的表达具有非常明显的增加[14,15,16]。 





















的产生。当用 Poly I:C 注射大西洋鲑时发现在在巨噬细胞中 IFN 24 小时后达
到 高，而 Mx 蛋白则在 48 小时后达到 高。而在 Mx 则在其他的组织中需
要 2-14 天之后才能够产生。由此可见 IFN 在病毒感染的初期就可以发挥作用，
因此被人为是在特异性免疫产生之前机体主要的天然免疫反应，然而在血清中







活的类 NK 细胞，并且从外周淋巴细胞中分离并建立了几种类 NK 细胞系，在
这些细胞系中有一些是具有非特异性的，而另外一些则表现出同种特异性并且








发现存在着与哺乳动物类似的相容性组织复合体（MHC I），MHC I 的多肽结
















































































































































凝集素现象 早于 1860 年在蛇毒中发现，C-型凝集素 早是于 1906 年在
牛中发现胶固素，1988 年 Drickamer 认为糖结合活性决定于有限的肽片断,他
自己命名为糖识别域-CRD，并且建议根据 CRD 区域将凝集素进行分类，将 





   C-型凝集素是指在 CRD 区域，具有 1 个或 2 个 Ca2+结合位点的这一类















CTLD 区域的结构的不同将 C-型凝集素分为 7 类[54]，2003 年又将凝集素分类
进行修改，凝集素的分类达到 14 类[55]。Alex N.等（2006 年）[52]将 C-型凝集










有易感性[57]，在正常条件下 MBL 是由多个单体组合而成的，一般是由 3 个单
体甚至是 6 个单体，胶原凝集素的单体在结构上具有 4 个结构域: N-端具有丰
富的胱氨酸残基，胶原样区(Collagen-like region，CLR)、颈区和 C 端糖识别
域(earbohydrate- reeognitiondomain，CRD) [58]。 
 
A                       B 
图 1 胶原凝集素的结构示意图 
A 为单体结构，1 为半胱氨酸丰富去区，2 为胶原区，3 为颈区，4 为糖识别区，B 为多聚体组成形式 
其中半胱氨酸丰富区中的半胱氨酸在单体之间形成二硫键，单体之间交
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